OF all poisons, carbon monoxide offers the greatest opportunity for accidental or improper use. Happily it is usually part of a mixture (coal gas) with a characteristic smell which is associated in the minds of the public with danger, but when it is present in a form not easily recognizable then it becomes a menace both to the community and individual.
I propose to limit myself to the commonest form in which it occurs, namely coal gas or, as Americans call it more graphically, illuminating gas. In this form the characteristic smell advertises its presence so long as the person has a sense of smell. As it is piped under pressure, the hissing sound which usually accompanies its escape gives a warning provided there is acuity of hearing. The unfortunate person who has neither sense of smell nor hearing is however completely at its mercy, and this applies especially to the aged.
In order to appreciate the poison it is essential to know its properties. The normal composition of coal gas is about 5-22 per cent. of carbon monoxide and this gas possesses about 300 times as great an affinity for haemoglobin as oxygen. A relatively small percentage of the gas in the air can build up quite a high percentage in the blood given sufficient time. It affects human beings because, when the haemoglobin is combined with carbon monoxide it cannot then take up oxygen, and consequently if the blood level of saturation rises above a certain figure an individual will suffer from oxygen deprivation. Approximate figures are as follows:-At 20% saturation there are symptoms if the body is being exercised. At 30% symptoms at rest. At 40% severe symptoms, e.g., inco-ordination-staggering, and At 50-70% unconsciousness and death. This is dealt with most comprehensively by F. E. Mills, B.Sc., M.Inst.Gas E., A.M.I.Chem.E., and F. C. Smith, F.C.S., M.Inst.Gas E., in a paper to London and Southern Gas Association on May 12, 1950, North Thames Gas Board. As is always the case with human beings there must be considerable variation. Hence a person with poor blood supply to the heart muscle, such as occurs in coronary artery disease, may well die more easily, and a person with heart failure, in which there is already a poor oxygen exchange between the tissues and the blood, if deprived of further oxygen will undoubtedly have symptoms earlier than a normal person. In the same way, with a moderately high saturation it may be possible to walk some little way starting from rest but with additional exercise death may occur. With this basic data may I draw your attention to problems with which we are confronted.
The first question is the initial identification of coal gas poisoning and in most cases this is based upon the smell of gas and the presence of a gas point with the tap turned on. In an "uncomplicated" case the amount of smell will depend upon whether the supply is main or meter. In the former, escape will persist until turned off, whilst in the latter the volume will depend upon the amount remaining to be exhausted and the smell though usually persistent may disappear.
The second factor is the honesty of the person discovering the incident who usually notifies the police. Cases may be misleading owing to the assumption that because there is gas that death is due to gas poisoning. The following case illustrates the danger of jumping to conclusions.
A small child ran into a neighbouring flat and said that her mother and father were asleep on the floor of the kitchen and she could not wake them up. The man and his wife were found lying upon a mattress in front of the kitchen gas cooker the door of which was open and the burners full on. A police officer was called and ordered their immediate removal to hospital, where they were both certified as dead from coal gas poisoning. This illusion persisted until a post-mortem examination upon the wife showed marks on the neck and haemorrhages into the eyelids and skin of the face, indicating that she had died of manual strangulation. There was no carbon monoxide in her blood whilst the blood of her husband showed a full lethal saturation.
When the relatives wish to avoid a suicide verdict, and turn off the gas and remove the body to another room or different surroundings, the initial investigation becomes most difficult for an unsuspicious or inexperienced person. There may be only the appearance of the body upon which to rely and not infrequently it is viewed in a poorly lit room or by the aid of artificial light. The following case illustrates this.
A man was reported to the police as having died suddenly, it being merely stated that he had been found collapsed. At autopsy the characteristic appearances of carbon monoxide poisoning were found with a blood saturation of 70% and no natural disease. After considerable interrogation it was ascertained that in fact the man had been found in the kitchen near the gas oven with the unlit burners full on. The relatives were afraid of a verdict of suicide which they felt would invalidate a life assurance policy, and they had taken precautions to avoid it. This was deliberate concealment and deceived both the police and the doctor called at the time. Faked stories of symptoms of heart disease have been produced by people of intelligence or cunning. Sometimes the situation may occur when a doctor who is expecting his patient to die is informed of his sudden death and automatically issues a death certificate.
A doctor was called urgently to see a patient, a man of 63, whom he had last seen 12 days before suffering from inoperable carcinoma of the stomach. He found him lying dead upon his bed and was told that he had collapsed. The doctor issued a death certificate which was not accepted by the Registrar because the relatives complained that the man had been found on the floor near a gas ring which was turned on. At post-mortem, apart from slight pink colouration of the hypostasis, nothing was obvious externally, but examination of the blood showed 50% saturation with carbon monoxide. An inoperable carcinoma was present. It is clear that the doctor did not suspect carbon monoxide poisoning, and if the relatives had not complained, the man might have been buried as a case of natural death.
These may seem exceptional cases, but there are possibly many others, especially in areas where the Coroner foregoes post-mortem examinations, and they serve as a warning of the risk of missing cases of less innocent association.
CIRCUMSTANTIAL EVIDENCE
It is a forensic axiom that cases fall into three categories, suicide, accident, or murder, and usually in coal gas poisoning they are sieved in this order by the police. In this particular type of death it would appear better to reverse the order, and this would make the primary investigation more thorough. Dr. Keith Simpson has kindly let me have his total figures of deaths from carbon monoxide poisoning;-Suicide 746; Accidental 87; Homicide S-Total838. This gas offers itself as an easily accessible method of suicide and is available for an impulsive act, especially for the lonely housewife. The commonest places chosen are the kitchen and the bedroom, using the gas cooker, gas fire or supply from a gas point with tubing for convenience. The identifying details, apart from a note or possibly a psychological background, are sealing of the windows and cracks of the doors. In many cases there is obstruction of the chimney, and a position of reasonable comfort of the suicide with a pillow for the head. The trays in the gas cooker are usually removed and the doors of the room are frequently locked on the inside. Such cases do not usually present any difficulty, although Dr. Keith Simpson has seen a case of coal gas poisoning with the dead person's head in a gas oven and a bruise on the head, which proved to be a case of murder. Sometimes the person may be found dead at a distance from the gas point or even in another room. This may be explained by a change of mind at the last moment, and collapse due to the effort in the presence of fairly high saturation with carbon monoxide. Occasionally a suicide uses apparatus such as a gas mask under which is led a tube, or covers the head with a mackintosh or blanket in the form of a tent. I have also seen the gas pipe sawn through on the supply side of the meter.
A large proportion of these cases are clear cut, but, the absence of a note, sealing of the doors and windows or obvious preparation could indicate accident, although the background points to suicide. Such a verdict may be strenuously pressed by the relatives and the common suggestions put forward are accidental knocking on of a gas tap, or boiling over of a kettle. Such a thesis is difficult to disprove if the gas tap is accessible and not fitted with a safety device. The explanation of some of these border line cases, especially in elderly people, is a confusional state in which the person turns on the tap and forgets having done it, with poor hearing and impaired sense of smell he or she is overpowered before realizing what has happened. I have also had cases in which a partially closed tap has allowed a leak of gas into the room, and this has not been detected by the occupant because of temporary loss of smell due to a cold. If hearing is normal and a sense of smell exists accidental escapes should be easily detected, but partial combustion of a faulty portable stove may well lead to a fatal dose. Fatalities from the boiling over of saucepans and kettles are nearly always associated with some temporary incapacity due to illness. One uncommon form of accidental carbon monoxide poisoning arises from leakage from cracked pipes. This was seen during the blitz, and it is said that seepage through the ground will remove the smell. I saw a rather unusual example of this type just before the Normandy invasion.
The Southend arterial road was being used as a vehicle concentration area for army vehicles and they were parked on the greensward with the drivers sleeping beside them. Two Canadian soldiers who were sleeping under a ground sheet could not be roused one morning and one of them whose head was under the sheet was found to be dead, with a lethal saturation in the blood of carbon monoxide. The other later recovered consciousness in hospital. Investigation showed that a gas main under the grass verge had fractured from the weight of the vehicles (which it was never designed to take) and seepage had occurred.
Rare cases of accidental death are seen when a suicide, without thinking of the safety of others, gases himself and the gas, passing into another part of the house, kills somebody who is asleep at the time.
A most interesting case, which is almost an invitation to intelligent homicide, occurred last year.
A young woman was "picked up" at the lower end of Regent Street, by two young American service men who took her back to a flat which they jointly rented in North London. They had separate bedrooms. The next morning one of the men got up, dressed and went out. Later the second man also departed, leaving the girl to clean up and, as they both thought, go home at her leisure. In the evening the first sailor returned and went into the kitchen and started to heat a kettle to make tea. Whilst the kettle was boiling the gas went out. He put another shilling in the slot and relit the gas, made his tea and went to bed in his room. His friend returned later and, on entering the flat, smelt gas. He went into his companion's room and found him asleep and semi-conscious. He then went into his own bedroom and found the girl in the bed with the gas fire fully turned on but unlit. She had died of carbon monoxide poisoning.
It appeared at the subsequent inquest that the girl had gone to sleep with the gas fire on and that when the gas was exhausted, it had gone out. An escape of unlit gas occurred after renewal of the supply by the coin. Such a case requires careful early investigation by experienced C.LD. officers.
Accidental death is not infrequent in the hanging and strangulation deaths of sexual perverts, but until recently I had not seen coal gas used for the purpose of sexual stimulation.
A smell of gas caused the police to enter a room and on the floor the occupant, a young man, was found dead, naked and covered by a mackintosh. Close to his hand was a rubber tube connected to a neighbouring gas point. He showed medical evidence of habitual sexual perversion (self conducted) and his wardrobe was filled with women's clothes. There was nothing to suggest suicide and the explanation seemed to be that whilst deliberately producing partial anoxia with the coal gas he built up a lethal saturation.
These cases show that each presents a specific problem and they must be investigated with a very open mind.
INTENTIONAL
There now remain those cases associated with intent and I have ventured to include the most controversial of them, the suicide pact. Here a conclusive decision is essential in order to avoid a miscarriage of justice, or an improper stigma may remain. I stress this because a person recovering from carbon monoxide poisoning may have a complete loss of memory for what has occurred, and it is always possible that what may appear to be a suicide pact, may be, in fact, a combination of one person attempting suicide and the partner becoming accidentally overcome. Alternatively, the wife finding her husband dead may decide to commit suicide rather than live alone. A third possibility is, of course, the deliberate murder of one followed by suicide of the other.
An elderly couple were found dead in a double bed from carbon monoxide poisoning. A piece of rubber tubing had been led from a neighbouring gas point to the side of the woman's face away from her husband. In this case several possibilities could be considered apart from suicide. The man might have deliberately placed the gas tube near his wife's face while she was asleep and laid down until he himself was overcome, or she might have done the same to him. Against a suicide pact was the position of the gas tube, which, it might reasonably be presumed, would be between them if there were a mutual arrangement. The answer must be purely speculative, as no assistance of any value could be obtained from such investigations as finger prints.
A case of suicide by the husband, followed by attempted suicide by the wife when finding him dead, was only solved by excellent police investigation.
A smell of gas coming from a house resulted in its being entered by forcing the locked back door. In the living room a man was found dead on the floor with a stocking tied round his neck; this was not tight. There was a bruise on his brow. In the next room his wife was found unconscious with her head close to the gas oven whose burners were on and the trays removed. She was removed to hospital and later owing to her confusional state was certified. At first sight it appeared that she might have strangled her husband who was of poor physique, but careful investigation showed that a clothes hook behind the door had lost its lower screw, allowing it to swing sideways. The man had hanged himself on the hook and fallen following suspension, striking his head (which showed a bruise) against the door knob. His wife returning and finding him dead had attempted to commit suicide.
Coal gas offers an easy opportunity for faking a suicide after a murder has been committed as the following case, crude as it is, well demonstrates.
The neighbours in a flat above, smelt gas coming from the ground floor rooms occupied by a woman who was separated from her husband. They found the woman with her head resting in the gas cooker oven upon a greasy dripping pan which had not been removed (an uncomfortable and dirty action which is most uncommon with suicides). A local doctor who was called stated life was extinct and due to coal gas poisoning. No note was found. The police took no special action and the body was removed to the local mortuary. The ambulance attendant commented upon a mark upon the neck of the woman at the mortuary, and later a post-mortem examination showed that death was due to strangulation by the woman's blouse collar (black moire silk ribbon). No carbon monoxide was present in the blood. The husband who put forward an alibi was arrested and admitted killing her and deliberately placing the head in the oven (it might be argued to make quite sure she was dead). A verdict of manslaughter was achieved by the forensic skill of the learned counsel. This is a good example of the danger of accepting appearances on their face value. It is not unCommon for a person who has committed a murder by violence to commit suicide by coal gas poisoning which is the simplest method available. This is usually done in a spirit of remorse to avoid the inevitable. The following is an example of this.
Nobody having been seen for four days in a house occupied by a young married couple, the police forced an entry and found the woman in the kitchen with severe head injuries and covered by a blanket. Her husband was lying in a position of rest close to the gas oven, with the burners on and the tray out. The majority of the injuries on the woman had clearly been caused by a wooden stool but there was also a bruised laceration on the back of the head. Examination of their bedroom upstairs showed blood staining of the pillow and also of a wooden log in the fireplace. Downstairs a winged chair in the dining room showed blood stains and a blood soiled towel was nearby. The blood of the woman showed no carbon monoxide whilst the man showed over 70% saturation. With this assistance it was reasonably easy to establish the sequence of events. The man assaulted the woman in the bedroom with a log. After this she succeeded in getting to the dining room, only to be assaulted again with the stool in the kitchen. The man then committed suicide by coal gas poisoning.
This shows the value of estimation of saturation in such Cases. The next example shows a somewhat similar case which at first sight appeared a possible "outside job," and in which the solution was again assisted by the carbon monoxide saturation value of the blood.
A man who lived in a flat with his elderly parents returned home during the morning and noticed a smell of gas. His mother was lying dead in bed without any signs of a struggle, whilst her pet pekinese dog was dead near the fire place with two.stab wounds in its chest. The kitchenette door was locked, and when it was forced the father was found lying dead on his back near the gas oven whose unlit burners were on and tray removed. He had incised wounds on the left wrist and tentative stab wounds on the chest. Reconstruction of the events was fairly easy in such a case, and was confirmed bythe presence of 50% saturation of carbon monoxide in the man. No carbon monoxide was in the woman (who had died of manual strangulation) or the dog (whi9h had died of stabbing).
The murder of small infants by the mother and subsequent suicide constitutes with suicidal pacts the commonest type of detected murder by carbon monoxide poisoning. Unfortunately, owing to the fact that children succumb more easily to carbon monoxide poisoning, the mother may survive and face a charge of murder.
The destruction of a child of 14 apparently without a struggle however is most unusual. I saw the following case last year.
A woman of about 46. years, happily married, but menopausal and with some background of mental disease, was found dead, lying across the bed of her daughter aged 14.
The windows were shut and a rubber tube led across the landing to the woman's bedroom where it was connected to a gas point. There was no evidence of violence upon the child, and it seemed that during the night the woman had brought the gas tube into the room and held it near the child, later succumbing herself. It illustrates to some extent the fact that a person can be gassed whilst asleep without being aroused and without any preliminary narcosis or stunning. The difficulty here was to decide whether the mother poisoned herself at the same time or later and the evidence pointed to the second explanation.
Finally there is the type of case in which it is quite impossible to decide either, who was the originator of a pact if it was a pact, or exactly what did happen. The following is an example of such a case, resulting quite properly in an open verdict.
A woman in the late menopause was found dead near the door of the bedroom which she shared with her young married daughter (whose husband was in hospital seriously ill). The daughter was lying in bed and there was a rolled up counterpane near her head. The mother's bed had not been slept in. A portable gas fire was "on." The chimney was blocked by a rug and the windows shut. Examination of the blood of the woman showed about 60% saturation with carbon monoxide and that of the daughter a similar figure. No hypnotic was found on analysis in the organs of either body. Although the circumstances did not suggest a suicide pact it was clearly impossible to obtain other than an open verdict.
The following is a case of exhibitionism (accidental carbon monoxide poisoning).
A young man with a good academic career inherited some money and bought a house. He was found dead in his bed with the room full of gas which was still escaping from a pipe which had been sawn partially through with a hacksaw. The hacksaw was found in a drawer. The back door was unlocked. Investigation showed that he had attempted suicide on several occasions, each time being conveniently stopped in the nick of time. It appeared probable that he had staged the scene for somebody who failed to come at the expected moment and was overcome by the gas.
Finally I come to the uncommon detected case of murder by coal gas. With many advantages including a control, it was by no means "water tight," because it was not investigated from the earliest moment. This I submit is the only way in which such cases will be detected.
A woman (an epileptic) sent for a doctor and said that her child aged 2 had suddenly collapsed and died in the main room of her flat. The doctor, one of the staff of a mission, felt instinctively that there was something wrong, suspected coal gas poisoning and informed the police. They called the deputy Divisional police surgeon who, after examining the child, said dogmatically that death was due to natural causes. He was also asked to examine a baby aged about 6 months who was in a cot in the same room and said that there was nothing wrong with it. The police, lulled into a sense of false security by the medical opinion, made no further investigation other than the routine inquiries of a sudden death, and the body was removed to a public mortuary where I first saw it. There it lay along with a number of seasonal blue asphyxial deaths from chronic bronchitis, and its pink colouration stood out like a rising sun. Autopsy showed the characteristic signs of carbon monoxide poisoning with (as it was proved later) a saturation of over 50%. In addition there was an area of oil soiling on the left side of the mouth, which was similar to the oil grease on the rubber pipe leading from the gas bracket to a portable gas fire. The baby acted as an excellent control and the woman adhered to her story. whilst no carbon monoxide escape could be found in the flat. She was charged with murder and was found unfit to plead at her trial at the Old Bailey. I think there is little doubt that the woman disconnected the tube and placed it in the child's mouth and there was more than adequate motive.
There is one aspect of all murders which must be appreciated, namely, that because a person is already dying, there is no reason to discard the possibility of murder. In fact, many dying people may offer a considerable motive for expediting their decease, and ill people, especially those with heart disease, not only die very easily of carbon monoxide poisoning but may show very little coloration.
How many deaths from carbon monoxide poisoning are not identified, and how many of these are homicidal is a matter of conjecture. That it is easily accessible and, in the absence of smell of the gas, may be difficult to detect there can be no doubt. It does seem therefore that the approach to such cases must be with more suspicion. The provision of some simple testing apparatus, such as that used in the R.A.F. during the war in the cockpits of aeroplanes, employing a silica gel impregnated with potassium palladosulphite, could be helpful.
In presenting these cases, I have deliberately avoided an academic discussion on carbon monoxide poisoning with the intention of showing the unusual manner in which carbon monoxide poisoning may present itself in every-day practice of forensic pathology.
I should like to express my thanks to the various Coroners who have investigated the cases I have quoted and to Mr. F. C. Smith, F.C.S., for his helpful advice.
DISCUSSION
Dr. KEITH SIMPSON congratulated Dr. Camps on a very interesting paper which had covered a full survey of the more everyday experience of carbon monoxide poisoning. Also he had shown very clearly-and it was a timely warning-how easily the circumstances might mislead and how important it was that expert, careful and painstaking police investigation should be commenced at the very start; also how important it was that there should be examination of the body by experts, so that the condition of carbon monoxide poisoning might not be overlooked. Dr. Camps had shown how easily that might happen. He had deliberately avoided-and in this the speaker felt Dr. Camps was right-the more academic aspects pf the subject; also he had deliberately avoided many of the sources of carbon monoxide poisoning that offered a menace to the public in ordinary everyday domestic and other occupations.
Dr. Simpson felt he must add a word in regard to a point Dr. Camps, perhaps deliberately, had not mentioned, namely, the ease with which the symptoms and signs of carbon monoxide poisoning might cause an innocent person to be regarded with grave suspicion. Of this the speaker cited two instances.
Dr. Eric Gardner, whom many members of the Society would remember, had been dining with him one evening when he (the speaker) had been called to see almost an entire family at Watford, two members of which, a mother-in-law and daughter, the wife of the man who was suspect, had been found in the kitchen lying on their backs unconscious. The suspect's mother-in-law was, in fact, dead; his wife, the daughter, was still conscious; they both had vomit at the nostrils and lips, and vomit was a common consequence of carbon monoxide poisoning. Because both women had vomited and one had died and the other was dying, the man was suspected of having poisoned them. The man was very worried when he arrived home and told a rather incoherent story about his movements, and in one way and another a certain amount of suspicion rapidly fastened upon him.
In fact, the clue was provided by a police officer who had pushed back his helmet and was rubbing his head and saying that he had an awful head and it was about time he got out; he felt sick himself. That was not because of the circumstances, but because he had been standing in an atmosphere made foul by a stove, the back of which had been blocked by cotton-wool pushed into it. The room was full of carbon monoxide. The older woman, who was somewhat infirm, had died early; the younger woman subsequently recovered. Both had suffered through inhalation of carbon monoxide poison, in one case lethal, in the other case sub-lethal. A child who had been running in and out had not suffered any inconvenience, and the man, wrongly, had been gravely suspect of having poisoned his mother-in-law and his wife. Such circumstances were not so unusual as to make the problem a rare one; such circumstances were by no means rare.
The other case was one of even greater suspicion being fastened upon a man who was a waiter at an hotel. He had come down to his duties rather late one morning, and he appeared to have had great difficulty in concentrating on dressing himself. He was still raggedly dressed; he had been unable to tie his neck-tie and his shoes were still untied. His wife, also a member of the staff had not appeared. After a short lapse of time some other member of the staff went to their room and found the wife in bed with an injury to one brow. A table lamp was overturned and there was some disorder of the room; in fact, circumstances and conditions at once aroused suspicion that the husband was responsible for his wife's death, and had probably dealt her some injury with the lamp at a time when he might have been suffering from inebriety, his incoherent state appearing to be due to the same cause.
In fact, it had been later shown by the gas expert, Mr. Smith himself, that there had been a strong wind and the room was inadequately ventilated. The gas fire when burning did not burn efficiently and there was an escape of carbon monoxide into the room. Both occupants of the room had suffered, the wife fatally, from exposure to the gas. It seemed that the woman had struggled, semi-consciously, to get out of bed; the lamp had been tipped over and in falling had hit her brow. The husband was affected sub-lethally and he had gone downstairs to carry on his duties but was incoherent, with inability to articulate properly and unable to perform complicated movements such as tying up of his neck-tie and shoes. These were the result of having been exposed to a lethal concentration of carbon monoxide. A reasonably strong suspicion had been fastened on the man for no reason except the misleading circumstances.
Dr. R. D. TEARE said he had been fortunate enough to have had a pre-view of the excellent paper, and even though he had been able to read it at his leisure he could not add a great deal to what Dr. Camps had said.
The sense of smell was one of the most easily fatigued of all the senses and this was undoubtedly a factor in cases of coal-gas poisoning, where there was a slow and very gradual accumulation of carbon monoxide in the atmosphere.
As to the accidental aspect of carbon monoxide poisoning, the speaker agreed with Dr. Camps that age incidence was important. In one part of London in which Dr. Teare worked there were a number of large houses which had been converted into bed sittingrooms for students and casual passers through London. They were usually equipped with a gas fire and a meter. Many of the houses were old and the gas fires were not maintained as they should be. It was not at all infrequent for the occupants of those room to be found dead in bed. In such cases it was most, important to recognize quite soon that poisoning had occurred by carbon monoxide, because the landlords and landladies of the particular lodgings were only too anxious to let their rooms as quickly as possible and so the trap might be Set the same night for the same accident to occur again. He personally had known fatal cases of that nature. Fortunately, the cause of death had been realized in time and it had been possible to get into touch with the hotel.
Possibly the most fascinating cases of carbon monoxide poisoning were those in which there was no coal-gas on the premises. In this respect Dr. Teare had seen many interesting cases a number of which had been elucidated by Mr. Smith, in which there had been no coal-gas on the premises, but fumes from boilers, or even the gas in the pipes of a supply which had previously been turned off, had been liberated into the house and caused death.
Dr. J. C. M. MATHESON heartily endorsed all that previous speakers had said as to Dr.
Camps' interesting and informative paper.
There was one point about which Dr. Camps had not said a great deal, namely, that if a person suffered from a sub-lethal dose of coal-gas he often, or usually, suffered from amnesia. Prior to entering the prison service the speaker had had two cases in private practice in which two men had been accidentally poisoned by coal-gas poisoning. One happened to be the gas manager of the local gas company in the village in which the speaker had had his practice. Having been called out to see that man he had found him in a very confused state. He recovered, but it had not been possible to ascertain from him what had happened, though it had been possible to find out from some of the gas company workmen. They had been working in a trench and they did not think the gas came from a broken or damaged gas-pipe purposely damaged in the course of their work, but that there had been seepage through the earth and, as Dr. Camps had indicated, gas seeping through the earth lost its smell. Apparently that had happened in this particular case because the gas manager was thoroughly experienced; he knew well the danger of coal-gas poisoning in such situations, and yet he had been caught by it.
The other case was that of a tailor. In his room there was a defective gas-pipe and over a period of time he suffered from coal-gas poisoning. He was an old man of some 65 years of age, and as a result he was sent into a mental hospital for treatment, presenting on arrival the typical picture of a senile dementia, which was attributed to the effects of coal-gas poisoning. The man had no memory of how he had come to be as he was; he accepted the explanation given him as to why he was in a mental hospital. He could give no story of having smelt gas or felt faint or anything of that nature. Apparently, he had complete forgetfulness or amnesia for the incidents which had led up to his poisoning.
The speaker added that in the course of his prison work he came into contact with many persons charged with attempted suicide by using coal-gas, and several cases of those accused of murder and subsequent attempt to gas themselves. In none of those cases had he ever had a history of amnesia or alleged amnesia.
He hoped that as a result of the paper and the discussion the defence of amnesia would not be put forward because, in fact, it might be very hard to prove and controvert. Perhaps Dr. Camps could throw some light on whether amnesia often followed coal-gas poisoning, at least a sub-lethal dose, or whether it was uncommon or unknown. Only in the two cases he had handled in private practice had amnesia been present, but in the many cases which had passed through his hands in the prison wards of attempted suicide or people charged with murder who subsequently attempted to commit suicide by coalgas, he had never heard amnesia put forward and in no case had amnesia ever been mentioned as part of the defence of the person when he or she went to trial.
Mr. HEDDY said he had agreed with every point made by Dr. Camps in his most interesting paper. From his own experience he realized that the most difficult cases with which coroners were called upon to deal were not those concerned with how people came to inhale fatal doses of carbon monoxide, but in which coal-gas could be excluded. Such cases were by no means easy because gas was supplied to most homes, including all kinds of places such as those mentioned by Dr. Teare. Mr. Smith and his colleagues when they had completed their investigations could often exonerate the gas system altogether. In so doing they would have taken into account the rather uncommon cause, seepage of gas. It certainly did sometimes seep in a most astounding way, so that people received fatal doses of carbon monoxide from gas mains leaking, in some instances quite a distance from the house in which the fatal dose had been absorbed. Even so, there were sometimes cases in which a person had died of carbon monoxide poisoning in which it was possible after full investigation to eliminate gas as a cause. Such cases gave rise to great difficulty and they occurred rather more commonly than was usually thought. The probable source of the poison was usually some form of combustion.
Mr. SMITH said it had been a great privilege for Mr. Mills and himself to attend and listen to Dr. Camps' most interesting paper.
Dr. Camps had referred to a simple means of measuring carbon monoxide at low concentration on the spot and had suggested that he (Mr. Smith) might outline the method. Firstly, he would like to say, without giving offence, that the estimation of carbon monoxide in small quantities was not a thing to be lightly undertaken. It needed a skilled chemist and an apparatus which was kept strictly in order.
A method had been evolved by which the suspected atmosphere was passed over a layer of salt potassium fluoride. There was a small tube at the end of which was a layer of salt silicate gel. The potassium fluoride and sulphite impregnated a further layer of the silicate gel. The suspected atmosphere was drawn through the tube by means of a very simple form of aspirator 9 in. or 10 in. long divided into two portions separated the one from the other but connected by an outside tap. It was only necessary to insert into the top of the aspirator the impregnated salt and having assured oneself that the rate of passage of water from the top of the aspirator to the bottom was correct, all one had to do was to turn on the water-tap and aspirate the air through the tube, and then examine the salt. If carbon monoxide was present the faint lemon colour of the potassium salt would have become changed to a dark brown. As a result of previous callibration for the tubes, measurement at a later stage gave an excellent indication of the carbon monoxide present in the air of the room. That method had been checked against the more classical methods, and it was clear that, provided it was used with care, it could be used with confidence. Mr. Smith believed the method he had just described was finding its way on to the market.
Mr. Smith added that he had been greatly interested in the beautiful picture of the bird's nest in the flue, and of course he had heard many times the old story that death from combustion had been consequent upon the flue-way becoming choked, but that was not by any means the whole story. Generally flues from water-heaters and the like had a draft interrupter so that adverse pressures obtaining outside the room would not be communicated to the burner but the air would pass downwards from the outside of the interrupter and aspirate with it the products of combustion from the water-heater or other apparatus. It was possible in a well-designed system of that kind to shut the flue completely and yet not interfere with combustion. It was, however, important to note that if that went on in an ill-ventilated room and the carbon dioxide content of the air built up and oxygen was reduced there would come a time when the combustion of the apparatus would be affected.
In the course of the work at Watson House the subject was approached from a different angle to that of the approach to it by the Society. Watson House was primarily concerned with ensuring the safety of gas equipment and the quality of the commodity sent out. In dealing with accidents which had occurred through town's gas, which as Dr. Camps had pointed out might contain from 17%, 18% or 20% of carbon monoxide according to the method of preparation, those concerned with the gas industry were dealing with leakages of high concentration and consequently they had to contend with the incomplete products of conbustion. On the safety side, of course, the greatest precautions were taken. All gas-carrying components were checked at considerable pressure of air under water for leakage. It was possible to screw good gas-fittings gas-tight without any mastic and they would remain sound under water; the threads and so on were all very carefully considered.
In regard to the commodity supplied, Mr. Smith said he and his colleagues were concerned with determining what was termed the CO CO 2 ratio of the two gases, and there they had a very big safety margin. If an appliance was governed and the governor was removed, the appliance was set at an approved rate and the pressure increased by 50%, but if there was no governor on the appliance the pressure was increased by 100%, which meant that the appliance in the second case would be operating at a gas-rate of something like 40% in advance of normal. The carbon monoxide and carbon dioxide in flue gases were then determined, the carbon monoxide by the withdrawn spent oxide method which, incidentally, was the classical method, the requirement being that the CO CO 2 ratio should not exceed 0'02% under conditions of overloading. If one knew the amount of gas burned by the appliance, and as analyzed, it was possible to calculate the CO 2 formed. And if, therefore, one had the CO COl ratio it was possible to calculate, if the appliance was behaving as a flue-resister, the volume of CO which would be projected into the air of the room per hour. Whether that was likely to be risky would depend on the ventilation of the room.
It was known as a result of experience of the many cases investigated, especially when people had returned from living in the East and felt the cold very much in this country, that there was on their part an attempt to block up all the natural ventilation of the room, in which case there might be very low and insufficient air-change. Thus in the laboratory the appliances were tested in a room in which air-change could be controlled. The COl in that room was built up to between 2% and 4% for the corresponding oxygen shortage and the CO COl ratio measured, the requirement being that that ratio should not exceed 0'02 when the atmosphere contained up to 2% with corresponding oxygen shortage.
Mr. Smith invited his audience to consider what that 2% would mean in practice. Noting the size of an ordinary room, it was possible, mathematically, to compute the airchange which would have to take place in order for the CO to reach a toxic limit. That was quite easily done. To obtain a 2% concentration in a room would mean that the air change through the room would be something under a quarter per hour. Those familiar with building and architecture would know how extremely difficult it was if one deliberately set out to reduce air change to a quarter per hour.
Mr. Smith said his study of combustion, among other things, had led him to investigate some of the cases to which reference had been made that evening. In difficult cases he usually tried to get as much detail as possible of what had happened and then, as far as he was able, to reproduce the conditions, shut the room up, take samples of the air, and analyze it after a given time. Then, with the knowledge of the gas consumption and a knowledge of the CO CO 2 ratio for the particular appliance, which was determined in the laboratories, it was possible to compute from the final figure what the air change was likely to be. Then by applying Henderson's criterion very cautiously and realizing its limitations, especially those referred to by Dr. Camps, it was possible to suggest that the danger might occur in that room within two, three, four or five hours, as the case might be. Time and time again that mathematical computatiin of the possible saturation, got at purely from the knowledge of CO in the air, had confirmed the test made by the pathologist in regard to blood saturation.
The PRESIDENT felt members would agree that Dr. Camps had fully demonstrated what happened in the case of those who died from carbon monoxide poisoning. But had he had any experience of reviving any of the cases only partially poisoned? Because that was a very important aspect. A great deal of work had been done in the United States in the 1920'S by Yandel Henderson on the subject of reviving such people. It was not always a question of gas-poisoning arising from domestic arrangements, but carbon monoxide poisoning took place in garages and all sorts of other places, such as mines. In the latter regard a man who had been poisoned by carbon monoxide could be conscious when found but when brought up into the air he became unconscious at once. That was somewhat puzzling.
Years ago Henderson, Holden and others had dealt with the condition by giving carbon dioxide, which in excess was also a poison. Dame Louise said she had been very specially interested in the carbon dioxide aspect of the matter because it was in use now for revival of asphyxiated new-born babies. Though that was a subject of some controversy among certain people, such babies were being revived with 95% oxygen and then given 5% of carbon dioxide.
It would be interesting to hear from Dr. Camps some of the results of investigation of carbon monoxide poisoning by post-mortem. Did one rely on a spectroscopic examination of the blood because, apparently, the carbon monoxide was carried mainly in the red blood corpuscles.
In conclusion, the President endorsed all that had been said as to the interest and value of the paper.
Dr. F. E. CAMPS in replying said that as to amnesia he thought the answer lay in the effect on the cells in the brain which if they were deprived of oxygen would cause loss of memory. He had heard Dr. Keith Simpson mention a case of collapse under an anresthetic which had changed the character of the person from being extremely difficult and excitable to becoming quite tractable. Anoxia was a problem for one did not know whether the patient was going to recover as he might go on living for days just as a person who "dies" under an anresthetic and is resuscitated may live for three or four days in a "vegetable" state.
Although the post mortem appearances of carbon monoxide were not difficult, at the same time there was nothing characteristic except the colour, but saturation of the blood provided the real answer. Dr. Camps added that he felt very strongly that the General Practitioner who must, of course, advise the Police was in a very difficult position when called to a case which did not suggest carbon monoxide poisoning-no smell, no gas escape and none close to the neighbourhood and a body without hypost.asis properly established. Such was the type of case which did at times fail to get detected. A low carbon monoxide concentration also presents a rather difficult problem. In some cases there was softening of certain parts of the brain and in another type there were many small hremorrhages, but in the second type people did not recover.
If the Medical Officer on seeing a case of possible carbon monoxide poisoning would collect a sample of blood the pathologists' task would be simplified, for a blood sample taken after 48 hours could leave a problem which might be insoluble.
Regarding CO 2 and oxygen for treatment, the value lay in stimulating the respiratory centre and if the person was removed from the carbon monoxide it could be replaced by oxygen.
DEVELOPMENTS IN THE LAW OF DIVORCE AND NULLITY IN MARRIAGE*
By WILLIAM LATEY, K.C.
As a preliminary, let us look at the problem of divorce from the national point of view. In these days one cannot emphasize too strongly the need of bringing home to the minds of people in general that the preservation of the institution of marriage is an imperative necessity for the country at large, for without it the result would be civil chaos. It is not just the personal affair of married couples who have fallen out, and, though Parliament decided in 1857 that there must be a loophole for innocent spouses to escape from intolerable conditions, not of their own making, and it is impossible and indeed undesirable to put the clock back, there are many whose
